Polymer electrolyte films were fabricated utilizing chitosan biopolymer plasticized with polyethylene glycol (PEG) and KCl addition as ionic transport source. The precursor solution was prepared by mixing the chitosan in acetic acid solution and PEG that act as a plasticizer. Into the mixed solution was added KCl salt for as alkalin ion transport source in the polymer electrolyte. The polymer electrolyte films were fabricated by the casting method onto the petri glass. The influence of KCl content on ionic conductivity of the composite polymer electrolyte film was studied. The ionic conductivity of the composite polymer electrolyte film was characterized using LCR meter at a frequency of 1 kHz. The best ionic conductivity was found for the film containing 45 wt% of KCl salt. The activation energy was determined by using Arrhenius plot based on conductivity data at varied temperature. It has been found that the activation energy of the composite polymer electrolyte films varied to the KCL content in the composite polymer electrolyte films. The highest activation energy was found for the polymer electrolyte film with 45 wt% of KCl content.
Introduction
Nowadays, researches on the solid composite polymer electrolytes are widely performed and very developing because of their very promising potential applications. Most applications of polymer composites-based solid electrolytes are found in the energy conversion and storage devices [1, 2] . In addition, the use of solid polymer electrolytes is also widely applied in other electronic devices including lithium-ion batteries [3] , electrochemical sensors [4] , electrochemical devices [5] , fuel cell [6] , as well as in photoelectrochemical cells and dye-sensitized solar cells [7] . Many advantages of using the solid polymer electrolyte in electronic devices such as nonleaking, free of solvents, stable shape, easy handling and electrochemical stability over the liquid electrolyte [8] .
In recent years, various modifications of polymer electrolytes were carried out in order to produce stable solid electrolytes and high ionic conductivity. Singh and Bhat (2003) conducted a study of the effect of LiClO 4 addition to ionic conductivity of polymer electrolyte based on polyethylene glycol (PEG) [9] . Reddy et al. (2006) also conducted a study of the effect of NaIO 4 addition to ionic conductivity of polymer electrolyte based on polyvinyl acetate (PVA) [10] .
By far, the most widely used as hosts in polymer electrolyte are synthetic polymers. However, synthetic polymers have a disadvantage that is expensive, difficult to handle, and not environmentally friendly. Therefore, recently researcher is intensively developing the polymer electrolyte based on bioresources polymers (biopolymers), this is because it is easy to obtain, the price is cheap, and easy to handle. Currently, natural polymers (biopolymers) are widely developed instead of synthetic polymers to be applied as host ionic conduction in solid polymer electrolytes because they are environmentally friendly, inexpensive and easy to obtain. One of the natural polymers most widely developed as a host in polymer electrolytes is chitosan which is cationic polyelectrolyte due to the amino group and can form film [6] . Other bopolymer materials which are also widely used as host in polymer electrolytes are gelatin [11] and cellulose [12] .
In solid composite polymer electrolytes based on biopolymer composites, chitosan acts as a host ion conduction because chitosan can dissolve ionic salts to increase its ionic conductivity [13] . Chitosan can be modified by mixing or compositing with other polymers such as polyvinyl alcohol (PVA) [14] , polyethylene glycol (PEG) [15] [16] [17] , polyethylene oxide (PEO) [18] , and polyacrylonitrile (PAN) [19] which acts as a plasticizer.
In this research, we developed solid electrolyte films based on chitosan/PEG composite polymer with the addition of KCl salt. The chitosan biopolymer acts as a host because of its cationic polyelectrolyte properties and is easily formed into films and can function as a metal ionizing agent. While the use of PEG as a plasticizer because it has good mechanical properties and can be degraded naturally (biodegradable) under certain conditions. Several previous studies have shown that the addition of PEG may improve the elasticity of chitosan [17] . Chitosan composites have been utilized as solid polymer electrolytes for a wide range of applications in energy conversion and storage devices such as solar cells [18] , batteries [20] , fuel cells [6, 21] , and supercapacitor [22] .
In this study, chitosan/PEG composite polymer electrolyte film was formed with a certain chitosan:PEG (v/v) ratio and content variations of potassium chloride (KCl) as the source of the conductor ions. The optimization is carried out by varying the content of KCl salt to obtain a chitosan/PEG composite polymer electrolyte film which has the optimum ionic conductivity. In this study also investigated the effect of temperature on the conductivity of chitosan/PEG composite polymer film electrolyte and the effect of KCl content on activation energy.
Methods
A total of 0.3 g of chitosan was mixed with 0.2 g of PEG then dissolved in 10 ml of 1% acetic acid, the mixing process was carried out by using a magnetic stirrer at the speed of 350 rpm at 60 • C for 90 minutes until the mixture became homogeneous. After homogeneous, the mixture is allowed to cool to room temperature, then the mixture was added with KCl salt with concentration variations of 0% wt, 5 wt%, 15 wt%, 25 wt%, 35 wt%, 45 wt%, and 55 wt%, respectively, while continuous stirring using a magnetic stirrer for 6 hours. The chitosan/PEG mixture solution with different KCl content is poured into a petri dish and left at room temperature for several days until it dried and formed a composite polymer electrolyte film.
The conductance (G = 1/R) of the composite polymer electrolyte films were measured using the LCR Meter (Hioki Hi-Tester 3522-50) from which the electrical conductivity (σ = 1/ρ) was determined, where R is resistance and ρ is resistivity of the material. Initially, the dried chitosan/PEG composite polymer film was cut into 2 × 2 cm 2 pieces, then clipped to two copper plates as electrodes, then measured their conductivity at frequency of 1 KHz. The chitosan/PEG composite polymer film with the optimum conductivity value will be further characterized the conductivity response to temperature to determine their activation energy.
Results and Discussion
An important parameter of a polymer electrolyte is the ionic conductivity which expresses the ability of electrolyte to conduct an ion. The ionic conductivity of an electrolyte is determined by the amount of ions contained in the electrolyte and the host characteristics. In this study, the KCl salt as the ion source is incorporated into the chitosan/PEG composite polymer as host ion conduction. Optimization was performed by varying the concentration of KCl in the range of 0 − 55 wt% to obtain optimum ionic conductivity. Figure 1 shows the relationship between the ionic conductivity of chitosan/PEG composite polymer films and the variation of KCl salt concentration. The variation in the conductivity of the chitosan/PEG composite polymer films increased against the KCl concentration to the maximum value and then decreased, this phenomenon commonly occurring as resulted by previous researchers [8, 9, 11, 12, 21] . Increased ionic conductivity due to increased mobility of ions as KCl concentration increases. The ionic conductivity of the polymer electrolyte is generally influenced by the number of moving ions and the movement properties of the ions [23] . Meanwhile, the ionic conductivity of the chitosan/PEGcomposite polymer without the addition of KCl is 9.380 × 10 −8 S.cm −1 , this value is greater compared for pure PEG as resulted by Polu and Kumar (2011) that was 4.033 × 10 −8 S.cm −1 [24] . The addition of chitosan to PEG has been shown to increase the ionic conductivity of electrolyte polymers because chitosan itself is a polymer of cationic polyelectrolyte. The conductivity of chitosan/PEG composite increased with increasing of KCl salt concentration which was added to reach the optimum value at 45 wt% of KCl salt, which was 5.786 × 10 −6 S.cm −1 . The addition of 45 wt% KCl is the maximum amount applied to the chitosan/PEG composite polymer as host ionic conduction to produce the highest ionic conductivity. The maximum number of ionic salts to be added to achieve different optimum conductivity values for different host [12, 23] . This is because different polymer hosts have different capabilities in dissolving ionic salts [1] .
Increased the ionic salt content beyond the optimum concentration (45% wt) no longer resulted in an increase in conductivity value, but instead, the conductivity value decreased. Figure 1 shows that the ionic conductivity of chitosan/PEG composite film decreased when the amount of KCl added exceeds the optimum conditions. The addition of 45 wt% KCl yields the ionic conductivity of chitosan/PEG composite film decreased to 4.917 × 10 −6 S.cm −1 , this is due to the polymer electrolyte in a saturated composition. High ion concentrations in the polymer can inhibit the movement of these ions and cause stiffening of the polymer chains resulting in decreasing the value of ionic conductivity of the polymer electrolyte [9] . In addition, the distance between the ions in a too dense polymer will decrease the conductivity value of the polymeric ionic electrolyte, because it can occur ionizing and be forming a neutral ion pair that does not contribute to conductivity [8] .
The effect of temperature on the ionic conductivity of chitosan/PEG composite film is also studied. The relation of conductivity to temperature is given by the following equation
where σ is the conductivity, E a is the activation energy, k is Boltzmann constant and T is the absolute temperature in Kelvin. The equation states that ionic conductivity increases exponentially as temperature increases. The relationship of ionic conductivity of chitosan/PEG polymer composite electrolyte to temperature can be seen in Figure 2 . In this study, there are three samples tested, respectively for composite without KCl doping, composite with 25 wt% doping and 45 wt% KCl. All three samples show ionic conductivity that increased with temperature rise to a certain extent until conductivity reached a maximum. However, there are differences in temperature response for each sample with different KCl content. So that it is known that the KCl content that added to the composite is very influential on the composite behavior against temperature. The change of conductivity to the temperature of the three chitosan/PEG composite electrolyte films is different due to different KCl salt content. The composite polymer electrolyte film without the addition of KCl showed a very slow change in conductivity to the temperature, compared to those added with the KCl salt. The conductivity of the chitosan/PEG composite film that added KCl 25 wt% increased faster than the chitosan/PEG composite film without KCl addition. A very different characteristic in the chitosan/PEG composite film added with 45 wt% KCl salt, where conductivity increased very rapidly against temperature rise. The rapid change in the conductivity value of the composite film which is added the KCl salt due to the number of ion species (K + ) is available more in the sample so that the increasing temperature will increase the movable K + ions in the chitosan/PEG matrix.
In addition, the KCl content also affected the optimum temperature to achieve maximum conductivity, wherein the composite with the addition of KCl 45 wt% reached maximum conductivity (3 × 10 −5 S.cm −1 ) at a lower temperature (90 • C) than other samples. This is due to the alkaline ion content more in the composite electrolyte that resulted in higher mobility so faster to reach the maximum conductivity at lower temperatures. Thus it can be concluded that the concentration of KCl doping in chitosan/PEG composite electrolyte greatly affect the optimum temperature of electrolyte operation, that is at maximum conductivity.
The increasing of the conductivity of the composite polymer electrolyte with the increasing temperature can be attributed to the increased flexibility of the polymer chain [10] . At high temperatures, the flexibility of the polymer chain increases so that the free volume of the polymer will increase, the increase in free volume will increase ion mobility so that the conductivity increases [10] . In this study, the optimum temperature of the polymer electrolyte operation was about 115
• C for the composite sample without the addition of KCl, higher than the composite sample with the addition of the KCl salt. The optimum temperature of composite polymer electrolyte operation with 25% wt. KCl salt content is 113
• C while for samples with 45% wt KCl salt content is 90
• C. Thus, the optimum temperature of the electrolyte operation decreased with increasing KCl concentration added, this is due to the increased ion mobility as the temperature increases. This operating temperature will affect the application of polymer electrolytes in electronic and electrochemical devices.
The ionic conductivity of the polymer electrolyte decreased above its optimum temperature. This is because of the increase of crystallinity occurs in polymer electrolyte, where the more crystalline of an electrolyte then the ionic conductivity will be smaller. In other words, the polymer electrolyte will have the highest ionic conductivity if it is in the amorphous phase.
Another very important parameter in the electrolyte material is the activation energy value (E a ), this parameter greatly determines the performance of the electrolyte. Activation energy can be defined as the minimum energy required to start a chemical reaction. The value of the activation energy can be determined by making the Arrhenius plot based on Equation (2) ln σ = ln σ 0 − E a kT .
The Arrhenius plot is the curve between the natural logarithm of conductivity (ln σ) to the inverted temperature (1/T ). The value of the activation energy (E a ) is determined from the slope (S = E a /k) of the curve, where k is the Boltzmann constant (8.62 × 10 −5 eV/K) and T is the absolute temperature. Figure 3 shows the Arrhenius plots for the three samples of the composite polymer film of chitosan/PEG with varying concentration of KCl content, where the vertical axis is the negative natural logarithm of conductivity (− ln σ) and horizontal axis is the inverse of temperature (1/T ). Based on the Arrhenius plot, the value of activation energy for each film sample is obtained from the slope (S) of the curves. Arrhenius plot curves for three composite polymer films with varying concentrations of KCl salt exhibit a different slope (S) of the curve which indicates the different E a values. The variation of the conductivity values of the three samples of the chitosan/PEG composite polymer films are summarized in Table 1 . The highest activation energy was found in the composite polymer electrolyte with 25 wt% of KCl content, even decreased with the further addition of KCl content (45 wt%). Figure 4 shows the curve of relationship between the activation energy (E a ) with the KCl content in the chitosan/PEG composite polymer electrolyte films. The value of activation energy is different for the three film samples with different KCl content. The film sample without addition of KCl has the lowest activation energy. The addition of KCl resulted in an increase in the activation energy of the composite polymer film and reached a maximum value at 25% wt KCl addition, but decreased on the addition with larger KCl content (45% wt). 
Conclusion
This study has proved that the addition of KCl salt affected ionic conductivity and the activation energy of chitosan/PEG composite polymer electrolyte films. The addition of the KCl salt into the chitosan/PEG composite polymer as host ion conduction significantly increases the ionic conductivity of the electrolyte. The conductivity also increased with temperature, where the optimum temperature is also increased due to the addition of the KCl salt into the chitosan/PEG composite polymer electrolyte. The activation energy is also influenced by the content of the KCl salt in the chitosan/PEG composite polymer electrolyte.
